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providing a ?rst panel of dielectric material 

Q 
reducing external stresses being applied to the panel 

Q 
raising the temperature of the panel to a level and for a length of time sufficient to decrease the 

inherent stress of the panel 

Q 
laser drilling through holes/\ias in the panel 

3 
sputtering a conductive material onto the panel 

6_0 
imaging 

E 
laminating the panel to other panels to form a multi»layer device 
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REMOVING INHERENT STRESS VIA HIGH 
TEMPERATURE ANNEALING 

This is a continuation-in-part of US. application Ser. No. 
09/369,037, ?led Aug. 4, 1999, noW allowed as US. Pat. No 
6,191,288. 

FIELD OF THE INVENTION 

The ?eld of the invention is substrate processing. 

BACKGROUND OF THE INVENTION 

When subjecting thin polymer substrates used in the 
fabrication of IC packages, printed circuit boards, and 
multi-chip modules to processing steps Which raise the 
temperature of the substrates movement of the substrate 
material Will frequently occur. Such movement can cause 
dif?culty in positioning and aligning of components during 
processing. 
As an example, in a polyimide ?lm substrate having lased 

vias, the position of the vias may change When the ?lm 
undergoes increases in temperature. Such increases and 
resultant changes are likely to occur When a conductive 
material is sputtered onto the ?lm. Thus, particularly in 
regard to dielectric materials, Which are to be subjected to 
sputtering and/or lamination, there is an ongoing need to 
improve processing to reduce the amount of material 
movement, Which occurs during processing. 

SUMMARY OF THE INVENTION 

Methods and apparatus are provided Which decrease the 
amount of movement likely to occur during processing of a 
substrate. In particular, a horiZontally supported dielectric 
panel is subjected to a series of processing steps during 
Which the panel is heated, cooled, or maintained at a ?xed 
temperature so as to achieve a 2 to 1 reduction in material 
movement during subsequent processing. It is contemplated 
that application of the disclosed methods Will be particularly 
bene?cial When application is accomplished prior to laser 
drilling, sputtering, and laminating a substrate. 

Various objects, features, aspects and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description of preferred embodiments of 
the invention, along With the accompanying draWings in 
Which like numerals represent like components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a ?rst method embodying the 
invention. 

FIG. 2 is a perspective vieW of a substrate panel being 
supported by a glass ceramic plate. 

FIG. 3 is a perspective vieW of a stack of substrate panels 
With each panel being sandWiched betWeen glass ceramic 
plates. 

FIG. 4 is a perspective vieW of a stack of substrate panels 
stacked in a manner providing separation betWeen panel and 
plate combinations. 

DETAILED DESCRIPTION 

Referring ?rst to FIG. 1, a method for processing a 
substrate comprises: step 10, providing a ?rst panel of 
dielectric material; step 20, reducing external stresses being 
applied to the panel; step 30, raising the temperature of the 
panel to a level and for a length of time suf?cient to decrease 
the inherent stress of the panel; step 40, laser drilling 
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2 
through holes/vias in the panel; and step 50, sputtering a 
conductive material onto the panel; step 60, imaging, and 
step 70, laminating the panel to other panels to form a 
multi-layer device. 

Step 10, providing a ?rst panel of dielectric material 
preferably involves obtaining a roll of dielectric ?lm and 
cutting the material into panels. Although rectangular panels 
are currently preferred, and panel shape or siZe may be used 
so long as subsequent steps can still be accomplished. 

Step 20, reducing the external stresses being applied to the 
substrate preferably comprises (referring to FIGS. 2—4) 
supporting the ?rst panel 111 by placing it on top of a ?rst 
substantially planar and horiZontal supporting surface 112. 
This can be accomplished by laying the dielectric panel 111 
on a glass-ceramic plate 112. Glass-ceramic provides a 
distinct advantage over other materials as a result of a its 
having a loW coef?cient of thermal expansion. LoW thermal 
expansion alloWs it to be subjected to very high tempera 
tures Without causing distortion or changes to a substrate 
(e.g. polyimide ?lm) Which is in direct contact With the 
glass-ceramic surface. It is contemplated that supporting 
surfaces having a thermal coefficient of expansion Which is 
less than or equal to X parts per million per degree Celsius 
(ppm/° C.) Wherein X is one of 17.5, 17, 12, 6.5, and 6 may 
be advantageously used. Another advantage of glass 
ceramic is that it is able to Withstand the severe temperature 
pro?le from hot to cold that is required in this process. It is 
contemplated that desirable supporting surfaces Will be 
capable of Withstanding temperatures betWeen 100 and 400 
degrees Celsius for a time period betWeen one and tWenty 
four hours. It is also contemplated that in less preferred 
embodiments the supporting surface may not be planar, may 
not be horiZontal, may have a different coef?cient of thermal 
expansion, may not Withstand the temperature pro?les 
described, and/or may not be made of glass-ceramic. 

It is contemplated that the disclosed methods may be 
applied to simultaneously processing multiple panels. In 
such embodiments, several panels 111, 113, and 115 may be 
provided With each panel being supported by a glass 
ceramic plate 112, 114, 116, 118 With the glass-ceramic 
plates being stacked on top of one another to form a stack 
100 of panels and plates. Although it is preferred that one 
panel be placed on each plate, alternative embodiments may 
utiliZe larger plates or smaller panels such that more than 
one panel is placed on each plate. In stacking the plates, each 
of the larger sides of the panels may be in contact With a 
plate such that a pair of plates sandWiches all or substantially 
all of the panels. Alternatively, additional supports 120 may 
be provided such that a gap exists betWeen a panel and any 
adjacent glass plate not providing support to the panel. 

Step 30, raising the temperature of the panel/stack of 
panels comprises subjecting the stack of panels to a high 
temperature anneal cycle, the cycle comprising a series of 
processing segments Wherein each segment comprises plac 
ing the stack of panels in an inert gas ?lled chamber for a 
?xed duration, With the gas having a temperature Which is 
either maintained Within a ?xed range for the duration or 
Which is adjusted upWard or doWnWard to a target tempera 
ture during the duration. 

In preferred embodiments the panel(s) are placed in an 
oven containing a nitrogen atmosphere and subjected to the 
folloWing: ramping the temperature of the gas up from an 
ambient/room temperature to 150° C. over a period of 5 
minutes; dWelling at 150° C. for 60 minutes; ramping up to 
375° C. over a period less than or equal to 30 minutes; 
dWelling at 375° C. for 4 hours; ramping doWn to 100° C. 
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or less, and subsequently removing the panel(s) from the 
oven once the oven and/or the panels of cooled doWn to a 
temperature less than or equal to 100° C. Use of the previous 
times and temperatures is believed to result in a 2:1 reduc 
tion in material movement. 

It is contemplated that variations in time and temperature 
of processing segments may have a signi?cant impact on the 
amount of reduction in material movement to be obtained. 
HoWever, it is contemplated a panel’s inherent stress can be 
reduced by any method Which provides adequate support 
(i.e. support With minimal stress) during heating and Which 
heats the substrate to a temperature at Which the material 
softens. The actual temperature and time required Will vary 
depending on the composition of the panels, but are con 
templated as likely being betWeen 100 and 400 degrees 
Celsius and betWeen 1 and 24 hours. 
As indicated by steps 40—70, the methods disclosed herein 

are considered to be particularly advantageous When sub 
jected to subsequent drilling, sputtering, imaging and/or 
lamination steps. 

Thus, speci?c embodiments and applications of dielectric 
processing have been disclosed. It should be apparent, 
hoWever, to those skilled in the art that many more modi 
?cations besides those already described are possible With 
out departing from the inventive concepts herein. The inven 
tive subject matter, therefore, is not to be restricted except in 
the spirit of the appended claims. Moreover, in interpreting 
both the speci?cation and the claims, all terms should be 
interpreted in the broadest possible manner consistent With 
the context. In particular, the terms “comprises” and “com 
prising” should be interpreted as referring to elements, 
components, or steps in a non-exclusive manner, indicating 
that the referenced elements, components, or steps may be 
present, or utiliZed, or combined With other elements, 
components, or steps that are not expressly referenced. 
What is claimed is: 
1. Method of substrate preparation comprising: 
providing a plurality of substrate panels; 
providing a plurality of separation plates having a coef 

?cient of thermal expansion less than or equal to 6.5 
ppm/° 0; 

stacking the panels and plates together and subjecting the 
stack to a series of heating and cooling steps Wherein 
the temperature of the stack is raised to at least 370 
degrees for at least 3.5 hours, during the series of 
heating and cooling steps. 

2. The method of claim 1 Wherein at least a portion of the 
series of heating and cooling steps is performed While the 
stack is in an infrared convection oven. 

3. Method of substrate preparation comprising: 
providing a stack of dielectric material panels; 
reducing external stresses being applied to each panel of 

the stack of panels by supporting each panel of the 
stack of panels by placing it on top of a ?rst substan 
tially planar and horiZontal supporting surface Wherein 
the supporting surface 
has a coefficient of thermal expansion Which is less than 

or equal to X ppm/° C. Wherein X is one of 17, 12, 
and 6, 

can Withstand a temperature of at least D degrees 
Celsius over a time period of at least T hours Without 
being damaged Where D is 400 and T is 24, 

comprises a glass ceramic plate; and 
raising the temperature of the stack of panels to a level 

and for a length of time suf?cient to decrease the 
inherent stress of each panel of the stack of panels, 
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4 
Wherein the step of raising the temperature of the stack 
of panels comprises subjecting the stack of panels to a 
high temperature anneal cycle, Wherein the cycle 
comprises a series of processing segments Wherein 

each segment comprises placing the stack of panels 
in a gas ?lled chamber for a ?xed duration, With the 
gas having a temperature Which is either maintained 
Within a ?xed range for the duration or Which is 
adjusted upWard or doWnWard to a target tempera 
ture during the duration, and 

comprises the folloWing segments in the folloWing 
order: 
ramping the temperature of the gas up from an 

ambient/room temperature to 150° C. over a 

period of 5 minutes; 
dWelling at 150° C. for 60 minutes; 
ramping up to 375° C. over a period less than or 

equal to 30 minutes; 
dWelling at 375° C. for 4 hours; 
ramping doWn to 100° C. or less. 

4. Method of substrate preparation Wherein a substrate 
panel is placed in contact With a heat source and the heat 
source is subjected to a heating sequence comprising the 
folloWing segments in the folloWing order: 

ramping the temperature of the heat source from an 
ambient/room temperature to 150° C. over a period of 
5 minutes; 

dWelling at 150° C. for 60 minutes; 
ramping up to 375° C. over a period less than or equal to 

30 minutes; 
dWelling at 375° C. for 4 hours; 
ramping doWn to 100° C. or less. 
5. The method of claim 4 Wherein the heat source is 

nitrogen gas and the dielectric material comprises of a 
polyimide or polyimer ?lm. 

6. The method of claim 5 Wherein the heat source is 
contained in an infrared convection oven. 

7. The method of claim 6 further comprising laser drilling 
through holes in the panel and sputtering a conductive 
material onto the panel after the heating sequence is com 
plete. 

8. Method of substrate preparation comprising: 
providing a ?rst panel of dielectric material; 
supporting the ?rst panel by placing it on top of a ?rst 

substantially planar and horiZontal supporting surface 
having a coef?cient of thermal expansion Which is less 
than or equal to X ppm/° C. Wherein X is 17; 

While preventing contact betWeen the ?rst panel and any 
solid object other than the ?rst supporting surface, 
raising the temperature of the ?rst panel by placing it in 
contact With a heated gas to a level and for a length of 
time sufficient to decrease the inherent stress of the 
panel; and 

removing the panel of dielectric material from the sup 
porting surface after decreasing the inherent stress of 
the panel. 

9. The method of claim 8 further comprising: 

providing a second panel of dielectric material; 
supporting the second panel by placing it on top of a 

second substantially planar and horiZontal supporting 
surface positioned above the ?rst panel and ?rst sup 
porting surface, the second supporting surface having a 
coef?cient of thermal expansion Which is less than or 
equal to X ppm/° C. Wherein X is 17; 
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While preventing contact between the second panel and 10. The method of claim 9 Wherein X is one of 12 and 6. 

any Solid Object other than the Second Supporting 11 The method of claim 10 Wherein the ?rst and second 
surface, simultaneously raising the temperature of both ' 
the ?rst and Second panels by placing them in Contact supporting surfaces can Withstand a‘ temperature of at least 
With a heated gas to a level and for a length of time 5 D~degrees'Cels1us over a time period of at least T hours 
suf?cient to decrease the inherent stress of both the ?rst Wlthout bemg damaged Where D 15 400 and T 15 24' 

and Second Panels; and 12. The method of claim 11 Wherein each of the ?rst and 
removing the ?rst and second panels of dielectric material second supporting surfaces comprises a glass-ceramic plate. 

from the supporting surfaces after decreasing the inher 
ent stress of the panels. * * * * * 


